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A brief  experimental  investigation  has been made of a method f o r  
designing  fuselage side a i r   i n l e t s  w i t h  high  internal  total-pressure 
recovery  and  zero  ssillage  drag a t  a specif ied  design  inlet  nass-flow 
ra t io .  With a scoop designed  accoraing t o  th i s  concept, it was demon- 
s t ra ted   ewer iaenta l ly  t h a t  near-zero  spillage  dreg  can be a t t a i n e d   a t  
the  design  inlet rmss-flow r a t i o  through a Mach  number rmlge from 0.8 
60 1.4. Achievement of an estimated total-pressme  re t io  of 0.99 a t  a 
Mach nmher of 1 .4  WES precluded  only by a rapid  thickening of the 
bounkry  layer =head of the   in le t .  Although the  f laelage 'bomdary 
layer was fair ly   thick  ( the  effect ive  f ineness   rs t io  of the  fuselage 
back to   t he   i n l e t  was 5 . 5 ) ,  e xean  total-pressure  ratio  of 0.94 w a s  
a t k i n e 3  a t  the  design  inlet  nass-flov r a t i o  of 0.8 m d  a Mach  number 
of 1.4. 4 m i n u n  x e m  in le t   to ta l -pressure   ra t io  of  0.96 vas  attained 
a t  s Mach nmber of l . b  f o r  a mass-flow r a t i o  of 0.9. 

Eqerimental  vork done 011 wing-root m-d fuselage side air FKLets 
(refs. 1 and 2, for example) a t  Mach numbers i n  excess of 1.1 has indi-  
cated that the two major ?roblens w i t h  such inlets a t  these  speeds are 
the  intermal loss resul t ing fran shocks aod shock-5oun&ary layer   in te r -  
action ahead 02 the   in le t  and the  drag due to tlne scoop. These losses 
in  pressure  recovery  in t:is speed  range  penalize  the  performance of 
these  fuselage side inlets as compared with nose i n l e t s  which do not 
have t'ce boundary-lzyer problem. Sone mi l i t a ry   a i r c ra f t  which have, of 
necessity,   resorted  to  the  fuselage side t E e  of i n l e t   i n   o r d e r   t o  have 
the  fuselage nose space   ava i lab le   for   o ther   pqoses   hve   genera l ly  
taken s m e  loss i n  performance  by  doing so, especially i f  the  sgeed 
range of the  airplane  extecded  into  the low supersonic  regine. - 



An attemgr, has been mace, therefore,  to  design a fuselage side 
i n l e t  that would have high  irternal  press-me  recovery and low external 
drag a t  Msch numbers  up t o  1.4. The design is  based on the theory of 
reference 3 end assumes that the flow f ie ld  ahead  of an in f in i t e  swept- 
beck two-dimensional inlet may be treated  similarly  to  the flow f i e l d  
ahead of an  inf ini te  sweptDack wing. 

Tests were made wi th  t he   i n l e t  mounted on the side of a body of 
revolution. Measurements included  the  total-pressure  recovery a t  a 
station  near  the inlet and the  external-drag  increment due t o  the  scoop. 
The ranges of Mach  number and Reynolds number investigated were from 0.8 
t o  1.4 and from 18.1 x 10 t o  27.8 x 10 , respectively. The t e s t s  were 
conductea in   t he  Langley transonic blowdown tunnel a t  an angle  of  attack 
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F frontal   area of basic body, 3.14 sq in .  

i n l e t  mass-flow r a t io ,  P i V i  Ai 
PoVoAi 

P s t a t i c  gressu-re 

v - velocity 

9 Qnzmic  pressure, p~ 2 2 

P mss density 

M Mach nunber 

Subscripts : 

b bese 

i inlet ,   defined  as normal t o  model axis at  Tuselage 
s t a t ion  12.85 

n n o m 1  t o  i n l e t  Leading  edge 

0 free  stream 

2 Local 

X e x i t  

Models 

External  design.- The i n l e t  w a s  designed on the  theory  that a two- 
dhensional  sweptback i n l e t  of i e i n i t e  span would  have a subsonic 
spil lage  drag  characterist ic and no losses i n  t'ne entering flow i f  the 
leading edge i s  swept behhd  the Mach angle. This idea is analogous t o  
Jones' swept wing theory (ref. 3 ) .  Under this concept, the resu l tan t  
velocity a t  any  goirzt i n   t h e   f i e l d  about a two-dinensional i n l e t  or' 
i n f in i t e  span which i s  swept back i n  the  horizontal  piane is the sun of 
two velocity coxponents - one normal to  the  leatiing edge and one tan- 
gen t i e l   t o  it. (See f i g .  1.) The tangential  component of velocity i s  
constant  tboughout  the flow field;   the  mgnitude of t he   r a t io  of 



tangential  velocity  to  free-stream  velocity depeniis en t i re ly  on the 
sweepback sngle of the  leading edge of the inlet. Any var ia t ion   in  the 
local  resultant  velocity and flow direction,  therefore, i s  dependent 
only on the two-dimensional subsonic flow n o m 1  to the  l ip  leading edge. 
Hence, the interml  pressure  recovery and inlet   spil lage  drag of the 
swept'tack two-dinensional i n l e t  of i n f in i t e  span  should be associated 
only wi th  the su-monic Mach  number normal to   the   in le t   l ead ing  edge 
although  the  free-strean  velocity may be supersonic. 

For the  present  case,  the two-dimensional flow f i e ld   ( t he   f i e ld  
resulting from the flow normal t o  the i n l e t  l i p  leading edge) was ca l -  
c u a t e d   i n  the following manner. The general flow characterist ics were 
obtained by superimposing two basic  flows. One is  the flow out of a 
two-dinensioml  channel,  the  solution of w h i c h  may be found i n  many t ex t  
books, such as reference 4; the other i s  an opposing  uniform potent ia l  
flow. When the uniform flaw is of greater strength than the flow out of 
the  channel,  addition of the two flows results i n  a net flaw into  the 
channel. The relative  strengths of the two flows, therefore,  determined 
the  inlet   veloci ty   ra t io  Vin/Vn i n  the two-dimensional flow f ie ld  
( f ig .   I (b ) ) .  For the  present case, the two-dimensional inlet velocity 
r a t i o  Vin/". was  chosen  such that when combined with the tm-gential 
velocity, t'ne resu l tan t   to ta l  flow in to  the channel would correspond 

a r b i t r a r i l y  to = 0.8 a t  a Mach  number of 1.4 assuming an isentropic 

cmpression. 
mo 

After  determination of the two-dLmensiom.1 flow f i e l d  of the  channel 
for   the  specif ied  inlet   veloci ty   ra t io  Vin/Vn, a modification had t o  be 
=de t o  allow a f in i t e   l i p   t h i ckness   ( f ig .   l (b ) ) .  The f in i t e   l i p   t h i ck -  
ness is required  to  allow  construction of the model and to  permit  suction 
forces a t  the l i p  to offset  spillage  drag. For the present  case, the 
two-dinensional  channel w a l l  w a s  approximated by a t h i n   i n l e t   l i p  defined 
by el l ipt ical   ordinates ,   table  I. The orthogonal flow net obteined by 
the svrpeqosition of the two basic  two-dixensional  flows was modified to 
correspond  apnroximately t o  an  experimentally  determined  pressure distri- 
bution for the new l i p  s h 3 e  a t  the prescr ibed  inlet   veloci ty   ra t io .  The 
moclification was mzde by TaintaiEing  the  general flow characterist ics,  
adjusting the potential   l ines  to  correspone t o  the cew l ip   pressure  dis-  
t r ibut ion and, then,  rederiving  the s t r e d i n e   s h p e s  through  the  condi- 
t ion  of orthogonality. The procedure  used to obtain  the two-dfmensional 
flow f ie ld  about  the i n l e t  as outlined, is not  completely rigorous, bat 
was chosen for  emediency. A more precise but smewhat more Ia-Dorious 
xethod of calculating  the  reqaired  two-dixensional flow f i e l d  would be 
t o  follow a method as outlined  in  reference 5. 

The local   veloci ty   ra t io  Vzn/v, as calculsted  along  streamlines  in 
the  two-dhensional fielci were adjusted for  compressibil i ty  effects  in 
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accordance w i t h  the Karman-Tsien conpressibi l i ty   correct ion  for  a Mach 
nmber of 0.8. The  Mach nudoer of  0.8 was used for  the  correction inas- 
-much as it appeared t o  be about  the  highest Msch  number f o r  which the 
adjusLxnent could be applied w i t h  a reasonable  degree of .%=curacy. 

I f  

Adjusted  point  values of velocity, as calculated from the two- 
dimensional ?low field, were now added t o  the spanwise or  tangential  
velocity component corresponding to  the  design sweepback angle  of 45O, 
to  obtain  point  velues  of the lateral slope of the s t r e d i n e s  gassing 
inside end outside the inlet. These slopes were multiplied by increnents 
of distance to obtain  lateral   displaceneots which were sumed progres- 
s ively  f ron a point w e l l  ahead (s'ation 8.00, f i g .  2 )  of the i n l e t  to a 
point  behind the i n l e t   l i p   l e a d i n g  edge corresgonding t o  the maximum 
thickness  station of the i n l e t  l i p .  These calculated  streamline  shapes 
were then  zsed  to  determine  the shape of the   so l id  boundmy wi th  which 
the sweptback inlet could  be terminated on the upstream or  inboard  end 
without  destroyi-ng  the flow characterist ics  of the in f in i t e   i n l e t .  The 
l a t e r a l  shape of the s t r e d i n e s  approaching -the in le t ,   theore t ica l ly  
approaches  an isentropic compression surface  for  the  particular  design 
i n l e t  mss-flaw ra t io .   In  many previously  investigated  scooptype  inlet 
designs  the  external compression hss been  accomplished w i t h  a wedge-type 
compression surface. (See fo r   an  example reference 6. ) The downstrean? 
or  outboard end of the   in le t  was terminated  also,  using  calculated 
streamline  shapes. The calculatiolzs were carried  inside to the  point 
where the flow becane  uniform i n  the duct  (plane EE f i g .  2). Dawnstream 
of this point,   the  longitudinsl  Lines of the duct were f a i r e d   t o  Stream 
direction. In  order   to  have suf f ic ien t  outboard-end l i p  thickness, a 
5O wedge angle w a s  used betieen  the  inner and outer l i p  surfaces  to 
define the external  end-lip-surface  sloge  (fig. 2). The wedge  was arbi- 
t r a r i l y  fsired to stream direction and  cross-faired  to  the  external  side 
lips. Downstream of the l i n e  or" inlet  l i p  maximun thickness  stations, 
el l  longitudinal  elements of the scoop surface were made p a r a l l e l   t o  the 
axis 03 the body. 

T2e  now f i n i t e   i n l e t  wss ins ta l led  on a body of revolution  without 
destroying t'ne inf in i te   in le t   charac te r i s t ics  by shearing  the  streamlines 
r e l a t ive   t o  each  other so tht they coni'ormed t o  the bzsic fuselage shepe 
a t  a specified  longitudinal  location. Tiis procedure i s  just i f ied  inas-  
much &s the s t reanl ine  sb-pe a t  any p o i n t   i n  the fiela is  independent of 
lateral location.  For tkre present  case, Yne calculated s t r e d h e s  were 
rearranged t o  oQtline a two-inch-diameter c i r c l e  a t  fuselage  station 8.00 
( f ig .  2 ) ,  which corresponds t o  the body shape on which the i n l e t  w a s  
t es   t ea .  The nose of the body used was made long (cose  f ineness  ratio 4.0) 
to avoid any large induced veloci ty   effects  on the i n l e t  design. Tae nose, 
which was a semiellipsoid of revoht ion ,  w s s  combined with a cylinder to 
compose the basic bow which 'md a to ta l   f ineness   ra t io  of 8.8. m-e 
effect ive  f ineness   ra t io  of  the body back t o   t h e   i n l e t  w a s  about 5.5.  The 
r a t i o  of inlet area to   basic  body frontal   area Ai F was 0.20. A sketch -/ - 
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of the  general arrangement of tjne  scoop-bociy combination is  presented  in 
fig:ze 2 and a photogrzph is shown as figure 3. Cesign  ordinates  are 
?resented  in  table 11. 

Internal  duct  design. - The internal  duct  vas of constant.  cross- 
sectional  area back to   s t a t ion  12.85, the forward  zeasuxing  ststion. 
Rearward f ron  this s t a t ion   t o   s t a t ion  14.63, the flaw was diffused 
t h ~ o q $ ~  an area   ra t io  of about 1 .3  t o  1.0 i n  a two-dhensional  diffuser 
'having an effective 8 . 5 O  two-dimensional 5iffdser angle. Between s t a -  
t ion  14.63 an6 s ta t ion  17.65, the &xt aree was gradually  contracted t o  
the area a t  the ex i t   s ta t ion .  The ex i t   a rea  was varied 'cy adjusting  the 
lower swfece  of t'ce diffuser which was givoted a t  the end of tile s-Jb- 
sonic  diffuser  (sta%ion 14.63). The lower curface was sealed  against 
pressure  lezks  after  each  area  setting and an  inspection was =de after 
each tes t   po in t  t o  insure  correct  meas-xexents. The longituuinzl  cross- 
sectional Ehape of the  duct i s  shown in   f i gu re  2. 

Instrmsntet ion 

%ne pressure  instrmentstion of the mcdel incladed a fo-ward meas- 
uring rake  consisting of 1.7 total-pressure and 2 static-pressure  tubes, 
an exit  neas-sing  rake  consisting of a t o t a l  of 16 total-pressure and 
2 static-gressure  tubes ( T i g .  4), and static-pressure  probes  in tine 
model base and i n  the cavity betxqeen the ef fcser   f lap  and basic no&l 
surface. The Ember of total-presswe  tubes act:.mi.ly used for  neasxring 
i n  the  exi t   var ied from 16 t o  11 depending on the  exi t   f lap  set t ing.  
(See f i g .  4.) 

Wag  force  rieasurenents were obtained by "e of an  internal   s t ra in-  
gage balance. 

Measuements 

The toJiEll and s t a t i c  pressures measure& a t  the forward measLring 
s ta t ion,  were used t o  obtain  point  values of total-pressure  ratio End 
the corresponding v a 2 ~ s s  of iocal  Pass-fia.7 ra t io .  These point  vzlues 
were rrinerically  integrated  over  the  local  &rea  to  obtain the me&n 
weighted  valiies of to ta l - s ress -ne   r s t io  E/Fl and corresponding i n l e t  
mass-flow ra t io ,  m i  mo. 

- 

-/ 
Fcr t'ae force  tests,   the neaeured  Sressures a t  the   ex i t  measuring 

s t a t ion  were s i r i l e r l y   x e d ,   t h a s  is ,  point  values of loca l  mass-flow 
r e t i o  aEd in';ernal &ag were conrguted and integrated. The inlet rake 
wes r emved   fo r   3ese   t e s t s  ace zs a resul+, it  w a s  Passible t o  obtain 
&ag 6ata a t  i n l e t  mss-flow r s t i o s  up t o  1.0. Ti;;e s ta t ic   pressure was 

. 
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aeasured  independently i n  the two separate base areas  ir-dicated i n   f i g -  
ure 2 and t'ne base &ag w a s  ob-tained through  the  use of these  pressures 
and their   respective areas. 

Force measurerrents were made on the  basic body of  revolution and on 
the body with the scoop ins ta l led .  For some of the tests, oil flow 
s-iEdies were made t o  determine  the  direction of bo-mdary-lzyer flov ahead 
of the i n l e t  . 

Tests 

The t e s t s  were conducted i n   t h e  -Langley transonic blowdown tunnel 
through a range of Mach  number from 0.8 to 1.4.. The corresponding 
Reynolds nuaber based on the model Length varied be3ween 18.1 x 10 6 and 
27.8 X l o  . 6 

The model was  sting-mounted i n  the t - m e l  a t  an mgle  of a t tack 
of Oo. The ar?gle of a t tack was set  wi th  a sensitive  irsclinoEeter and was 
unchanged during the  investigation. 

On t'le basis of schlieren photographs and previous  experience, it 
appears that shock reflected  disturbances  gossibly  prevent the drag 
increnent due to the scoop ins t a l l a t ion  from being  valid  in  the Mach nm- 
ber ra_np;e between about Mo = 1.02 and about M, = 1.18. No force data 
are  presented f o r  this par t icu lar  Mach  number range. For a small rapse 
of Mach  number greater  than 1.18, the reflected bow  wave intersected o ~ l y  
the  garal le l  elements of the  afterbody  thereby  causing no deviation i n  
pressure &ag; the scoog pressure-drag  increrrents  obtained a t  Mach nun- 
bers greater than 1.18, therefore; are believed to be  correct. 

Blow is a table  of  the  =ore  pertinent  garmeters and the estimated 
msy-im-m experimental  error for each: 

% l o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.01 

mi/mo . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.02 
-I-0.013 

- 
H/H . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fO . 01 

c . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dext 

Generally, it is believed that the  actual   error  is considerably less 
thm  these  estimated maxl3wns. 
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RESULTS AND DISCUSSIOIJ 

Pressure Recovery 

Point  values of total-pressure  ra t io  HZ/% as measwed a t  the 

forward  measuring s t s t i on  f a r  a - - 0.8 are presented  in  figure 5 "i 

m 0  
for t'ne various test Mach nurlsers. Tae local   total -pressure  ra t ios   in  
the  outbcard  portion of the   in le t  were very high, varying between 1.0 
and 0.98 i n   t h e  Mach nunber range between 0.81 and 1.4. 

It should be noted that a t  a bhch numker of 1.4, the theoretical  
in le t   to ta l -presswe  ra t io  would not be exactly 1.0. The i m b i l i t y   t o  
a t ta in   the  ideal  or isentropic results is  due to   the   fac t   tha t  a t  t h i s  
Ksch  number the  targent id   veloci ty  approaches the  speed of sound and 
the  addition of the n o m 1   v e l c c i t y  corr;por_ent causes  the  resultant Mach 
nudDer to  agproach 1.15. As 2, resu l t ,  a compression wave aheed  of the 
outboard end of the  inlet  li? decelerates  the flow an6  causes a small 
loss in   to ta l   p ressure .  It is esyimated that for t h i s  case  the i n l e t  
total-pressure  ratio would be  =bout  0.99. 

Schlieren photographs of the flaw enter i rg   the  inlet   ( f ig .  6 )  indi-  
cate that some form of compression wave ex is ted   in   f ront  of t'ne scoop a t  
a l l  supersonic Mach nucbers. No ncrmal  shocks were observed, however, 
and there i s  some evidence of wavelets  either a t  or T'ollowing the 
inclined shock wave. An indication that the  actual  cmpression 
amroached  the  theoretical i s  the  presexe of point  values of to ta l -  
pressure  ratio of 0.99 i n  the  outboard ezld of the   in le t  ( f ig .  ?). A t  
sapersonic Mach numbers, losses  in  recovery  apparently due to   the 
entrsinment of some of the  Taselage boundary layer are observed in   t he  
inboard  portion of the  inlet .  It is  in6ica';ed by the  photogrsphs of 
o i l  flow patterns  presented i n  f igme  7 tkat consiikrable  bypassing of 
t h e   f - s e h g e  boundary layer around the   in le t   resu l ted  from the transverse 
pressure  gradients  afforded by the  design. It appears,  then, that the 
axoymt of bo-mdsry layer that entered  the i d e t  i s  pm5ably  only 2 smll 
par t  of tne boundary layer t h a t  would wash t'ie surface i f  the   in le t  were 
not  there. Hence, the  increase  in  losses w i t h  Mach n u b e r   i n   t h e  lower 
portion of the  inlet,  probably  results  largely  fron tine adverse e f f ec t  
of the  increasir!   pressure  r ise with Mach w x b e r  cn  the  bomdary  layer 
t ha t  does enter   the  inlet  a t  any spec i f ic   in le t  rr?ass-flo-w ra t io .  The 
iqxovement i n  mean total-pressure  ra t io  ob-cained by increasing  inlet  
mss-floy ra t io   f rox  0.8 t o  3.9 a t  $1, = 1.40, ( f ig .  8) appears t o   r e su l t  
p r imr i ly   f ron   the  corresponding  inprovexent in  the  adverse  pressure 
gradient between the  sveptback  illlet lips r e su l t i ng   i n   l e s s  l o s s  due t o  
the  entering bow-dary layer   (see  f ig .  5 ) .  'The use of continuous 
boundary-layer suction  throagh a porous  compression scrface between the 
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i n l e t   l i p s  would probably  reduce the total-pressure  losses due to   the  
entering boundary layer.  

The man  values   of ' to ta l -pressure  ra t io  as aeasured a t  the   in le t  
measuring s ta t ion  are   presented  in   f igure 9 as a function of Mach nun- 
ber for two i n l e t  mss-flow ra t ios .  A t  - an   i n l e t  rcass-flow r a t i o  of 0.9, 
the  total-pressure  ratio  ranges from = 0.99 at Mo = 0.80 t o  

H, 
= 0.96 a t  bb = 1.4. At a mass-flow r a t i o  of 0.8, the   r a t io  drops 

H, 
t o  = 0.94 at M~ = 1.4.  These total-pressure  ratios are considered 

t o  be quite  high  for a scoop-type air inlet   $ laced 5.5 diameters  back 
from the  nose.  (See, for exmple,  reference 6.)  

- 
- 
H, 

Although it was not the purpose of the present   invest igat ion  to  
determine internal  diffuser  losses,  sorce additional  gressure  recovery 
il?formation  obtained a t  the exit s t a t ion  after a sGbsonic diffusion 
indicates  the  Ebili ty of the  design  concept  icvestigated t o  provide  high 
gressure   ra t ios   a t   no t   on ly   the   in le t  measuring s tz t ion,   but   a lso a t  an 
ecaine compressor entrance.  Fresented. in   f igure  10 are  Yae aean  exi t  
total-gressure  ratios as a function of Mach  number for two e x i t   f l a p  
set t ings.  These xeasurements  vere made during  the  drag  tests when the 
inlet   rake was removed. Also gresented  for comgarison are  the mean 
total-pressure  ra t ios  as Eeasured a t  the saze  inlet  mass-flaw r a t io s  for 
an o p n  nose i n l e t   i n   f r e e   f l i g h t  (ref. 7 ) .  In this case,  the  total- 
pressuze  rstios were measured a t  the end of a conical diffuser having 
about a 3 O  included Elrrgle and  an  area  ratio of 2.3 t o  1 .O. -4s can be 
seen, +,'ne xean exit   total-2ress-ure  ratio  for  the  present scoog i n l e t  
design was only  about 2 t o  3 percent lower -im- t h a t  measwed f o r  the 
nose inlet   configuration a t  a Mach  num'oer of 1.4. 

Drag Due to   the Scoog 

me   ex te rca l  &ag increment  incurred by ins+,alling 2 scoop on a 
body or  airframe i s  generally  copsidered  to  inclufie: (1) a pre-entry 
and  an i n l e t  Lip 2ressure  force  associated w i t h  reducing  the Illomentun? 
of the  enter ing  f luid  to   sat isfy the inlet   operat ip!   condi t ion a t  a 
redilceci i n l e t  f l m  ra te ,  (2)  the scoop afterbody or form Dresswe  force 
associated  with  the  gossible fairillg of the scoop into  the  airframe  and 
( 3 )  the  viscous  force  increment  resulting from chan-ges in   t he   t o -a l  
wetted  area due t o   i n s t a l l a t i o n  of the scoop. 

For the  present  case,  the  afterbody  or form pressure  force was not 
permitted immnuch as pa ra l l e l  elements were used t o  define the a f t e r  
portion of t'ne scoop and  fuselage. Brice, the  presented  increments of 
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external tirag uae to tine scoop incluae  only  the >re-ent-ry  and l ip   p res -  
sure  forces and, of c3mse,  tke adcted V ~ S C O J S  forces due to  the increase 
in  kotal   wetted  area.  These incremezlts ( f ig .  11) are tiie differences 
between the  external &rags of the  scoopbody combination  and  Tie  drags 
of tke boQ- alone and are  presented  as e function of Mach nuqber fo r  
various  inlet  Tlow ra tes .  

Lt s 3 o d d  be  noted t3at of the   to ta l  0.03 increment i n  drag  coeffi- 
c ient  dxe to   t he  scoop indicated i n  the  subsonic  speed  range, only a5out 
0.02 can be directly  attr ibuted  to  the  increase ir- wetted  area due t o  
ins ta l l ing  the scoop on the  basic body. The reraining  inconsistency of 
0.01 in  increxental  drag coefficient i s  within  the  estimted  error  pre- 
sented  in  the  section  enkitled  "Tests." 

A t  t'ne design i n l e t  mss-flow ' ra t io  of 0.8, near  zero  sressure  drag 
was obtained  through  the t e s t  Yich nLmber range. This r e su i t  i s  i n  
accordance with  the theory used for the  design of the  inlet ,  t'rat i s ,  
t i e   sp i l l age   a t   t he   i n l ek  occurs  primarily as two-dimensional sLzbsonic 
flow n o m l  to the sweptback i n l e t  lip as a result of the  cetailed 
shaping of the  fuselage  surface. For the mi/% = 0.8 case,  then, the 
scoop i n l e t  was  aEEed to   the  body a t  e drag  cost  equal  to  about  the 
v i s c c ~ s  drag  increase. 

A t  the   in le t  miss-flow ratios  other t'nan Cne design  value 
(mi/mo = 0.7 uld l.O), the variation of drag-coefficient  increment w i t h  
Nach rxiber was small and generally was within  the  possible  error of the 
tests.   &me,  al though  the  indicated  vzriation  in  drag-coefficient 
increment v i t h  Mach mmber a t  the  off-design  conditions w a s  probably 
as wculd be expected,  the  only  justifiable  conclusion that ?my be &awn 
is that only a small pressure-drag  variation w i t h  Mach  number resulted 
from instal l ing  the scoop i n l e t  acd  operating it a t  i n l e t  mass-flow 
ra t ios   as  low as 0.7. .4t xi/% = 0.7, the  pressure-drag  increase due 
to   the  scoop vas  indicated  to be only 0.02 a-c M, = 1 .k .  Assu-aing that 
the  ra t io  of fuselage  frontal area to w'ing area i s  0.06 (which is about 
average for  high-speed  designs), the corresponding  pressure-drag  incre- 
Tent based on the wing are& is  only 0.0022. 

It should be  remembered that Cne presented  drag-coefficient  incre- 
men-cs 8re &Je only to   the  inlet   design and do not  include any f o m  drag 
associated  with the goseible fa i r ing  of the scoop  back into  the  fuselage. 
It should be f w t a e r  noted tht t h e s e   l a t t e r   y e s s w e  drags (those due 
to  the  afterbody fairillg) ray vary  considerably between configurations 
hevir-g 3ifferen-t  5Bes of engine- inlet   imtal la t ions.  For t5e case of 
engines  buried i n  she  vi54 roa t ,  'very l i t t l e   f a i r i n g  would be needed. 
In  +,he iig?$ of the  develogzent of the  area-rzle  principle  (ref. S), it 
would  be exFected that %he fipai &rag increment attained frox a scoop- 
in l e t   i n s t a l l a t ion  w o u l d  depecd largely on ho-x well the fiesigner 



incorporated  the scoop into  the  overal l  area developent of the  particu- 
l a r  airframe,. 

CONCLUDING RZMARKS 

A method for designin-! f i rselage  s ide  a i r   in le ts  w i t h  high internal 
total-pressure  recovery an6 zero  spillage  drag a t  a  specified  design 
Mach  nulnber and i n l e t  mzss-I"lw r a t i o  has beell presented. 

It was shown experimentally that an i n l e t  designed  according to 
t h i s  concept  vould have near-zero  spillage drag at  t'ce design  inlet  ~ELSS- 
Slow r a t i o  of 0.8 -i:nrough a Mach nmber  reage from 0.8 to 1.4. It w a s  
fursner  indicated t h a t  the  theoretical  esti-mated total-pressure  recovery 
of 99 percent w&s precluded  only by a thickening of the boundary layer 
ahead of the   in le t .  Altho?@ the  fxselage bou&zry Layer wss f a i r ly   t h i ck  
(the  effective  f ineness  ratio of the  fuselage  length back to   t he   i n l e t  w a s  
5 . 5 ) ,  a nean in l e t   t o t a l -p re s sme   r a t io  of 0.94 w a s  attained a t  the  design 
i n l e t  Eass-flow m t i o  of 0.8 and a Yach mmber of 1.4. A maxim=  mean 
in l e t   t o t a l -p re s swe   r a t io  of 0.96 w a s  attair-ed a t  a Mach nmber of 1.4 
for a mass-flaw r a t i o  of 0.9. 

Langley Aeronautical  Laboratory, 
NatFond  Advisory Committee f o r  Aeronaxtics , 

Lmgley  Field, Va. ,  July 14, 1955. 
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TABLE I ,-DESIGN COORDINATES FOR INLET SIDE LIP SHAPE 

(All dimensions are in inches) 

x1 
f 

Section A-A 

Inlet  side lip 

I Coordinates for inlet side lip1 

1-3 





- 
Norad. velocity, Va 

Resulting  velocity 
Tmgen t id   ve loc i ty  8 

(a)  Plzn view sketch showing 1z-beral streanline  paths 
in to  and over  the  inlet .  

(b) Sketch of section  taken norolal t o  inlet leadirg edge 
showing streanline  paths i n  vertical   plane.  

- Figure 1.- Sketches showing streamline  paths  into and over a two-dimensional 
swep-lback i n l e t  of i l l f in i te  span-. * 



Sectlon A-A Sectlon €3-6 - - Inlet meas sta. 

Sta 0 
Sta. 12.00 

l"i.gurc 2.- Diagrmatic   sketch showing deta i l s  of force and pressure 
measuremenlx and internal flow arrangement. 
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Figure 3 . -  Three-quarter  view photograph of scoop. L-85116 
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Zigure 4.- Total-  and static-pressure tube   d i s t r ibu t ions  a t  the i n l e t  
me exit measllrir_g s t a t ions .  
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Figure 5.  - Point values of total-pressure  ratio for various Mach nunibem 

as measured at the forward measuring station. 
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Figure 6 . -  Schlieren photographs of flow ahead o f  the scoop fo r  various 

Mach numbers. 3 = 0.9 and - mi = 0.7. 
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1pi.gurc 8. - VuriatSon  of mean total-pressure  ratio  with  inlet  mass-flow 
ratio  at  various  test Mach numbers. 

Frcr-nlresu Kech nmher, Mo 

Figure 9.- Variation  of  mean  total-pressure  ratio  with  Mach  number for 
in1c.t muss-flow  ratios of 0.8 and 0.9. 
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"- Open nose inlet (ref. 7 )  

Figure 10.- The variation of = e m  total-pressure ratio an& inlet mass- 
flow ratio with Xach nunber as obtained at the exit measuring station 
for two exit  areas.  (inlet  rake  reEoved.) 
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Fi[';ure :].I. - The variation wiLh Mach number of the drag increment due t o  
the sc:oop f o r  various i n l e t  mass-flow ratios. 
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